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An on-board electrical system for a motor vehicle contains a
first energy storage unit with a first voltage level and a second
energy storage unit with a second voltage level. A control unit
controls a flow of current between the first energy storage unit
and the second energy storage unit in both directions. A
polarity-reversal protection diode connects the first energy
storage unit for supplying operating voltage to the control
unit. A switching element bridges the polarity-reversal pro-
tection diode when the polarity of the first energy storage unit
is correct. The first voltage level is compared with the second
voltage level by a comparator and the switching element is
moved to its open state when the first voltage level drops to a
threshold voltage value which is below the second voltage
level.
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1
ON-BOARD ELECTRICAL SYSTEM FOR A
VEHICLE

BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates to an on-board electrical system for a
vehicle, in particular a motor vehicle, according to the pre-
amble as claimed.

On-board electrical systems in modern motor vehicles
comprise a generator in the form of a three-phase machine
with a downstream rectifier circuit as energy converter, one or
more energy storage units or batteries, and electrical loads
which are intended to be supplied via the on-board electrical
system. In such on-board electrical systems, polarity-reversal
protection is implemented by means of the rectifier diodes of
a downstream rectifier circuit.

In addition, on-board electrical systems are also known
which comprise two energy storage systems with different
nominal voltages as system voltages without potential isola-
tion, for instance one energy storage system, for example a 12
V battery, for normal loads of the motor vehicle, and a further
energy storage system, for example consisting of double-
layer capacitors (ultracapacitors), for high-current loads.

Battery management for energy-flow and quiescent-cur-
rent management between these two energy storage systems
is effected by means of a control unit or a control device,
wherein this control unit is supplied with an operating voltage
by the 12 V battery. A valve is used for polarity-reversal
protection, for example a polarity-reversal protection diode,
which connects the 12 V battery to the control unit.

One disadvantage of such an on-board electrical system
comprising two energy storage systems is a state in which the
system voltage of the 12 V battery falls below the voltage of
the further energy storage unit and thus there is a risk of
charge flowing away in the direction of the 12 V battery due
to parasitic effects in semiconductor components of the con-
trol unit.

BRIEF SUMMARY OF THE INVENTION

The problem addressed by the invention is therefore to
provide an on-board electrical system for a vehicle in which
such flowing-away of charge is prevented.

This problem is solved by an on-board electrical system
having the features as claimed.

Accordingly, in an on-board electrical system for a vehicle,
in particular a motor vehicle, which comprises

a first energy storage unit having a first voltage level,

a second energy storage unit having a second voltage level,

a control unit, which controls the flow of current between
the first energy storage unit and the second energy stor-
age unit in both directions if the second voltage level is
lower than the first voltage level,

a polarity-reversal protection diode, which connects the
first energy storage unit to the control unit for the pur-
pose of supplying operating voltage, and

a switching element for bridging the polarity-reversal pro-
tection diode when the polarity of the first energy storage
unit is correct,

it is provided according to the invention that the first voltage
level is compared with the second voltage level by means of
a comparison circuit, in particular a comparator, and

when the first voltage level falls to a voltage threshold value

lying below the second voltage level, the controllable
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switch is controlled into the open state thereof, by means
of control means, preferably of the comparator.

The polarity-reversal protection for the control unit and for
preventing an undesired interchange of charge between the
two energy storage units is thus obtained in a simple and
surprising manner. In particular, no additional power compo-
nents are necessary. Furthermore, according to one develop-
ment of the invention, easy adjustability of the voltage thresh-
old value is possible by means of the proposed comparator.

Further advantageous embodiments of the invention are
given in the features of the dependent patent claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The invention will be explained in more detail in the fol-
lowing text with reference to the attached figures, in which:

FIG. 1 shows a schematic block diagram of an exemplary
embodiment of the on-board electrical system for a motor
vehicle, according to the invention, and

FIG. 2 shows a detailed block diagram of the on-board
electrical system in accordance with FIG. 1.

DESCRIPTION OF THE INVENTION

FIG. 1 shows an on-board electrical system consisting of a
first energy storage unit Esys1l having a nominal voltage
Vys1, in this case a 12V battery, and a second energy storage
unit Esys2 having a nominal voltage V gy.,, which may like-
wise be a battery, or a double-layer capacitor or another
storage medium.

The nominal voltage Vi, of the first energy storage unit
Esys1, that is to say the system voltage thereof, is higher than
the nominal voltage V¢, or system voltage of the second
energy storage unit Esys2: Vo1 >V gyes.

A control unit CU connects the two energy storage units
Esys1 and Esys2, which are not potential-isolated, and con-
trols the energy interchange in the sense of an energy man-
agement system between these two energy storage units
Esys1 and Esys2, that is to say that, in the nominal state of the
two system voltages, an energy interchange is possible both
from the first energy storage unit Esys1 in the direction of the
second energy storage unit Esys2 and conversely from the
second energy storage unit Hsys2 in the direction of the first
energy storage unit Esys1.

In accordance with the detailed illustration of FIG. 2, elec-
trical loads of the motor vehicle, which are illustrated as
system load Load and are supplied by a load current I, ,,, are
connected to the first energy storage unit Esys1. The energy
interchange, managed by the control unit CU, between the
two energy storage units Esysl and Esys2 takes place by
means of the system currents Iy, and I¢y,. In this exem-
plary embodiment, the two energy storage systems Esys1 and
Esys2 are not potential-isolated.

The first energy storage unit Esys1 also supplies the oper-
ating voltage supply for the control unit CU, the associated
load current is designated 1., wherein, between the first
energy storage unit Esys1 and the control unit CU, a polarity-
reversal protection circuit RPP (reverse polarity protection) is
connected, which for example consists of a polarity-reversal
protection diode Dy, and can be shorted by a controllable
switch Switch, for example a transistor or a mechanical
switch, such as a relay.

This switch Switch is actuated by a comparison circuit, in
this case a comparator K. For this purpose, the voltage Vg5,
of'the first energy storage unit Esys1 is fed to the non-invert-
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ing input of the comparator K and the voltage Esys2 of the
second energy storage unit Esys2 is fed to the inverting input
of the comparator K.

It both system voltages V gy, and V gy, are at the nominal
value thereof, that is to say if Vgy,>Vsys,, then the switch
Switch is closed by means of corresponding control of the
comparator K, thatis to say the transistor is controlled into the
conducting state thereof with the result that the polarity-
reversal protection diode Dy is bridged.

If, due to great discharging, the voltage V oy, of the first
energy storage unit Esys1, for instance a 12 V battery, falls to
a voltage threshold value V., which lies below the voltage
value of the voltage V gy, of the second energy storage unit
Esys2, that is to say when Vg =V, <V, the switch
Switch is controlled into the open state thereof by the com-
parator K with the result that, due to the polarity-reversal
protection diode Dypp, charge is prevented from flowing
away from the second energy storage unit Esys2 in the direc-
tion of the first energy storage unit Esys1.

Such flowing-away of the charge could occur because of
parasitic semiconductor elements in the control unit CU,
which are representatively illustrated in FIG. 2 by a diode
D,/p;- Such a parasitic semiconductor component can for
example also arise in a DC/DC converter MD1 actuated by
the control unit CU, for example as bulk diode or body diode
of a high-side transistor.

The voltage threshold value V, is adjustable by means of
the control unit CU.

If the first energy storage unit Esys1 is connected to the
control unit CU with incorrect polarity, the voltage V ¢y, of
the energy storage unit Esys1 is: V g;,<0. In this state, too,
the comparator K1 would open the switch Switch, that is to
say control the transistor into the off state thereof, with the
result that the polarity-reversal protection diode Dgpp
becomes active.

The comparator K can be designed with a time-delayed
response, in that it is for example connected to a timer com-
ponent. In this way, the switch Switch is both closed and
opened by means of the comparator K in a time-delayed
manner.

The exemplary embodiment explained above shows an
on-board electrical system according to the invention without
potential isolation between the two energy storage systems
Esys1 and Esys2. Of course, the invention is not restricted
thereto, rather it can likewise be used for systems with poten-
tial isolation.

The invention claimed is:

1. An on-board electrical system for a vehicle, comprising:

a first energy storage unit outputting a first voltage level;

a second energy storage unit outputting a second voltage
level,
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a control unit controlling a flow of current between said
first energy storage unit and said second energy storage
unit in both directions;

a polarity-reversal protection diode connecting said first
energy storage unit to said control unit for supplying an
operating voltage;

a switching element connected in parallel with said polar-
ity-reversal protection diode; and

a comparison unit configured for comparing the first volt-
age level with the second voltage level, said comparison
unit configured to close said switching element to short
said polarity-reversal protection diode when the com-
paring determines that the first voltage level is above the
second voltage level, and said comparison unit config-
ured to open said switching element so that said polarity-
reversal protection diode is not shorted by said switching
element when the comparing determines that the first
voltage level has fallen to a voltage threshold value lying
below the second voltage level.

2. The on-board electrical system according to claim 1,

wherein the voltage threshold value is adjustable.

3. The on-board electrical system according to claim 1,
wherein said comparison unit is a comparator having a time-
delayed response characteristic.

4. The on-board electrical system according to claim 1,
wherein said switching element is a semiconductor switch.

5. The on-board electrical system according to claim 1,
wherein the on-board electrical system is configured without
potential isolation with respect to said first and second energy
storage units.

6. The on-board electrical system according to claim 1,
wherein the on-board electrical system is configured with
potential isolation with respect to said first and second energy
storage units.

7. The on-board electrical system according to claim 1,
wherein said first energy storage unit is used as an operating
voltage source for a load circuit having electrical loads.

8. The on-board electrical system according to claim 1,
wherein the first and second voltage levels are in each case a
nominal voltage of said first and second energy storage units
respectively.

9. The on-board electrical system according to claim 1,
wherein said control unit manages a battery.

10. The on-board electrical system according to claim 1,
wherein:

said comparison unit is a comparator; and

the vehicle is a motor vehicle.

11. The on-board electrical system according to claim 4,
wherein said semiconductor switch is selected from the group
consisting of a transistor and an electromechanical switch.
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